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Description 



FUEL CELL ELECTRICITY-GENERATING DEVICE 

Technical Field 

The present invention relates to a fuel cell 
electricity-generating device which generates electricity 
using a fuel cell. 

Background Art 

A related art fuel cell electricity-generating device 
will be described hereinafter. 

As shown in Fig. 9, a related art fuel cell 
electricity-generating device has a fuel cell 1 of 
generating electricity with a fuel gas and an oxidizer, 
a fuel processor 2 of producing a fuel rich in hydrogen 
from an electricity-generating material comprising water 
incorporated in a natural gas or the like, a combustion 
device 3 of combusting a residual fuel gas discharged from 
the fuel cell 1, a blower 4 of supplying air into the fuel 
cell 1 as an oxidizer, an electric power generation 
instructing means 5 of adjusting the electric power 
generated by the fuel cell 1 and an electricity-generating 
material adjusting device 6 of adjusting the amount of 
electricity-generating material and water to be supplied 
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into the fuel processor 2. 

The fuel processor 2 comprises a fuel producing means 
of producing a fuel to be supplied into the fuel cell 1 
and a carbon oxide removing means of reducing the content 
of carbon monoxide in the fuel gas to an extent such that 
the catalyst of the fuel cell 1 is not damaged. 

The combustion device 3 receives the residual fuel 
gas discharged from the fuel cell 1 and combusts the residual 
fuel gas to raise the temperature of the fuel producing 
means of the fuel processor 2 to a temperature at which 
the fuel producing means of the fuel processor 2 can 
efficiently produce a fuel gas (about 700°C) . 

The electricity-generatingmaterial adj usting device 
6 adjusts the amount of the electricity-generatingmaterial 
to be supplied into the fuel processor 2 so that the fuel 
gas can be supplied into the fuel cell 1 in an amount required 
to generate the electric power determined by the electric 
power generation instructing means 5. 

The electricity-generatingmaterial adj usting device 
6 also adjusts the temperature of the fuel processor 2 by 
changing the amount of the electricity-generatingmaterial 
to be supplied into the fuel processor 2. When the 
temperature of the fuel processor 2 is raised, the amount 
of the electricity-generating material to be supplied into 
the fuel processor 2 is reduced to reduce the amount of 
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the residual fuel gas to be supplied into the combustion 
device 3 and hence the amount of combustion in the combustion 
device 3 is reduced, thereby lowering the temperature of 
the fuel processor 2 . 

On the contrary, when the temperature of the fuel 
processor 2 is lowered, the electricity-generating mater ial 
adjusting device 6 increases the amount of the 
electricity-generating material to be supplied into the 
fuel processor 2 to increase the amount of the residual 
fuel gas to be supplied into the combustion device 3 and 
hence the amount of combustion in the combustion device 
3 is increased, thereby raising the temperature of the fuel 
processor 2 . 

In a fuel cell electricity-generating device such as 
the aforementioned related art example , the carbon monoxide 
removing means provided in the fuel processor 2 performs 
effectively its function of removing carbon monoxide 
normally at from about 200°C to 300°C. In other words, the 
fuel processor 2 comprises in combination a fuel producing 
means which works at about 700°C and a carbon monoxide 
removing means which works at from about 200°C to 300°C and 
thus avoids sudden change of the supplied amount of the 
electricity-generating material so that the temperature 
of the two means are well balanced. 

On the other hand, the electric power generation 
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instructing means 5 changes the generated electric power 
successively depending on the load power to be supplied 
by the fuel cell electricity-generating device. Since the 
load power changes momentarily, it is desirable that the 
change of the supplied amount of the electricity-generating 
material be conduced at the same time with the change of 
the load power to effect efficient generation of 
electricity . 

Referring thus to a realistic method of supplying the 
electricity-generating material, when it is desired to 
raise the generated electric power, the generated electric 
power is raised at the same rate as that at which the amount 
of the electricity-generating material to be supplied into 
the fuel processor 2 is raised at a maximum rate at which 
the amount of the electricity-generating material can be 
raised (about 20 minutes needed to reach from 50% of rated 
output to rated output) because when the 
electricity-generating material runs short, the generated 
electric power cannot be raised. 

On the other hand, when it is desired to lower the 
generated electric power, a process is employed which 
comprises suddenly lowering the generated electric power 
so that the amount of the residual fuel gas to be discharged 
from the fuel cell is transiently increased, and then 
decreasing the supplied amount of the 
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electricity-generating material . 

However , when the generated electric power is suddenly 
decreased to increase the amount of the residual fuel gas 
to be discharged from the fuel cell as mentioned above, 
the residual fuel gas is then supplied into the combustion 
device 3 to suddenly increase the amount of combustion in 
the combustion device 3 in a short period of time, causing 
abnormal rise of the temperature of the fuel processor 2 
that makes it necessary that the operation of the fuel cell, 
electricity-generating device be suspended . This not only 
deteriorates the durability of the fuel processor 2 but 
also leads to the damage of the fuel processor 2 in the 
worst case . 

Disclosure of the Invention 

An object of the present invention is to provide a 
fuel cell electricity-generating device which is not 
subject to abnormal rise of the temperature of the fuel 
processor and hence deterioration of the durability or 
damage of the fuel processor even if the load power shows 
sudden drop taking into account these problems of the related 
art fuel cell electricity-generating device. 

To solve the above problem, a first invention of the 
present invention is a fuel cell electricity-generating 
device comprising : 
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a fuel cell of generating electric power from a fuel 
and an oxidizer, 

a fuel processor of producing a fuel to be supplied 
into said fuel cell from an electricity-generating 
material , 

a combustion device of combusting a residual fuel gas 
unconsumed in said fuel cell to raise the temperature of 
said fuel processor, and 

an electric power generation instructing means of 
determining the electric power generated by said fuel cell , 

wherein when said electric power generation 
instructing means decreases the electric power generated 
by said fuel cell depending on the decrease of load power 
to be supplied, the rate at which the generated electric 
power is decreased is made different depending on the change 
of the temperature of the fuel processor. 

Further, a second invention of the present invention 
is the fuel cell electricity-generating device as described 
in Claim 1 , wherein the generated electric power is decreased 
at a rate with a predetermined upper-limit while the 
temperature of said fuel processor is rising but at unlimited 
rate while the temperature of said fuel processor is not 
rising. 

Further, a third invention concerns a fuel cell 
electricity-generating device comprising: 
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a fuel cell of generating electric power from a fuel 
and an oxidizer, 

a fuel processor of producing a fuel to be supplied 
into said fuel cell from an electricity-generating 
material , 

a combustion device of combusting a residual fuel gas 
unconsumed in said fuel cell to raise the temperature of 
said fuel processor, and 

an electric power generation instructing means of 
determining the electric power generated by said fuel cell , 

wherein when said electric power generation 
instructing means decreases the electric power generated 
by said fuel cell depending on the decrease of load power 
to be supplied, the rate at which the generated electric 
power is decreased is made different depending on the 
temperature of the fuel processor. 

Moreover, a fourth invention concerns the fuel cell 
electricity-generating device of the third invention 
wherein a mode of preventing the decrease of generated 
electric power (first power limitation mode) is executed 
when the temperature of said fuel processor is not lower 
than a first threshold value and the rate at which the 
generated electric power is decreased is not limited when 
the temperature of said fuel processor is not higher than 
a second threshold value which is lower than the first 
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threshold value. 

Further, a fifth invention concerns the fuel cell 
electricity-generating device of the fourth invention 
wherein said first power limitation mode is released when 
said electric power generation instructing means maintains 
or begins to raise the electric power generated by said 
fuel cell . 

Moreover, a sixth invention concerns the fuel cell 
electricity-generating device of the third invention 
wherein a mode of decreasing the generated electric power 
at a rate with a predetermined upper limit (second power 
limitation mode) is executed when the temperature of said 
fuel processor is not lower than a third threshold value, 
and the rate at which the generated electric power is 
decreased is not limited when the temperature of said fuel 
processor is not higher than a fourth threshold value which 
is lower than the third threshold value. 

Further, a seventh invention concerns the fuel cell 
electricity-generating device of the sixth invention 
wherein said second power limitation mode is released when 
said electric power generation instructing means maintains 
or begins to raise the electric power generated by said 
fuel cell . 

Moreover, an eighth invention concerns the fuel cell 
electricity-generating device of the third invention 
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wherein a mode of preventing the decrease of generated 
electric power (first power limitation mode) is executed 
when the temperature of said fuel processor is not lower 
than the first .threshold value, a mode of decreasing the 
generated electric power at a rate with a predetermined 
upper limit ( second power limitation mode) is executed when 
the temperature of said fuel processor is not higher than 
the second threshold value, which is lower than said first 
threshold value and the rate at which the generated electric 
power is decreased is not limited when the temperature of 
said fuel processor is not higher than the fourth threshold 
value which is lower than the second threshold value. 

Further, a ninth invention concerns the fuel cell 
electricity-generating device of the eighth invention 
wherein both of said first and second power limitation modes 
are released when said electric power generation 
instructing means maintains or begins to raise the electric 
power generated by said fuel cell. 

Moreover, a tenth invention concerns a fuel cell 
electricity-generating method of generating electricity 
using a fuel cell electricity-generating device comprising : 

a fuel cell of generating electric power from a fuel 
and an oxidizer, 

a fuel processor of producing a fuel to be supplied 
into said fuel cell from an electricity-generating 
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material , 

a combustion device of combusting a residual fuel gas 
unconsumed in said fuel cell to raise the temperature of 
said fuel processor, and 

an electric power generation instructing means of 
determining the electric power generated by said fuel cell , 

wherein there is provided a step of making the rate 
at which the generated electric power is decreased different 
depending on the change of the temperature of the fuel 
processor when said electric power generation instructing 
means decreases the electric power generated by said fuel 
cell depending on the decrease of load power to be supplied . 

Further, an eleventh invention concerns a fuel cell 
electricity-generating method of generating electricity 
using a fuel cell electricity-generating device comprising: 

a fuel cell of generating electric power from a fuel 
and an oxidizer, 

a fuel processor of producing a fuel to be supplied 
into said fuel cell from an electricity-generating 
material , 

a combustion device of combusting a residual fuel gas 
unconsumed in said fuel cell to raise the temperature of 
said fuel processor, and 

an electric power generation instructing means of 
determining. the electric power generated by said fuel cell , 
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wherein there is provided a step of making the rate 
at which the generated electric power is decreased different 
depending on the temperature of the fuel processor when 
said electric power generation instructing means decreases 
the electric power generated by said fuel cell depending 
on the decrease of load power to be supplied. 

Thus, in the present invention , the generated electric 
power determined by the electric power generation 
instructing means of determining the electric power 
generated by the fuel cell is limited depending on the 
temperature of the fuel producingmeans of the fuel processor 
of producing a fuel to be supplied into the aforementioned 
fuel cell from an electricity-generating material, 
preventing abnormal rise of the temperature of the fuel 
processor even in the case of sudden drop of load power 
and hence the deterioration of durability or damage of the 
fuel processor. 

Brief Description of the Drawings 

Fig. 1 is a conf igurational diagram illustrating a 
fuel cell electricity-generating device according to a 
first embodiment of implementation of the present 
invention . 

Fig. 2 is a flow chart illustrating the operational 
state of an electric power generation instructing means 
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5 according to the first embodiment of implementation of 
the present invention. 

Fig. 3 is a conf igurational diagram illustrating a 
fuel cell electricity-generating device according to a 
second embodiment of implementation of the present 
invention . 

Fig. 4 is a flow chart illustrating the operational 
state of an electric power generation instructing means 
5 according to the second embodiment of implementation of 
the present invention. 

Fig. 5 is a conf igurational diagram illustrating a 
fuel cell electricity-generating device according to a 
third embodiment of implementation of the present 
invention . 

Fig. 6 is a flow chart illustrating the operational 
state of an electric power generation instructing means 
5 according to the third embodiment of implementation of 
the present invention. 

Fig. 7 is a conf igurational diagram illustrating a 
fuel cell electricity-generating device according to a 
fourth embodiment of implementation of the present 
invention . 

Fig. 8 is a flow chart illustrating the operational 
state of an electric power generation instructing means 
5 according to the fourth embodiment of implementation of 
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the present invention. 

Fig. 9 is a conf igurational diagram illustrating a 
related art fuel cell electricity-generating device. 

(Description of Reference Numerals and Signs) 

1 Fuel cell 

2 Fuel processor 

3 Combustion device 

4 Blower 

5 Electric power generation instructing means 

6 Electricity-generating material adjusting device 

7 Temperature sensing means 

8 Temperature comparing means 

Best Mode for Carrying Out the Invention 

Embodiments of implementation of the present 
invention will be described hereinafter in connection with 
the drawings . 

(First embodiment) 

Fig. 1 illustrates one of embodiments of 
implementation of the present invention. Where the 
constituent elements are the same as those of the related 
art example, the same numbers are used. 

The fuel cell electricity-generating device 
according to an embodiment of implementation of the present 
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invention has a fuel cell 1 of generating electricity with 
a fuel gas and an oxidizer, a fuel processor 2 of producing 
a fuel rich in hydrogen from an electricity-generating 
material comprising water incorporated in a natural gas 
or the like, a combustion device 3 of combusting a residual 
fuel gas discharged from the fuel cell 1, a blower 4 of 
supplying air into the fuel cell 1 as an oxidizer , an electric 
power generation instructing means 5 of adjusting the 
electric power generated by the fuel cell 1, an 
electricity-generating material adjusting device 6 of 
adjusting the amount of electricity-generating material 
and water to be supplied into the fuel processor 2, a 
temperature sensing means 7 of sensing the temperature of 
the fuel producing means of the fuel processor 2 and a 
temperature comparing means 8 of comparing the temperature 
detected at different points of time to judge to see if 
the temperature of the fuel producing means of the fuel 
processor 2 is rising or falling or kept unchanged. 

The fuel processor 2 comprises a fuel producing means 
of producing a fuel to be supplied into the fuel cell 1 
and a carbon monoxide removing means of reducing the content 
of carbon monoxide in the fuel gas to an extent such that 
the catalyst of the fuel cell 1 is not damaged. 

The temperature sensingmeans 7 senses the temperature 
of the fuel producing means of the fuel processor 2. 
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The temperature comparing means 8 compares the 
temperature detected at different points of time to judge 
to see if the temperature of the fuel producing means of 
the fuel processor 2 is rising or falling or kept unchanged 
and then outputs the results of judgment to the electric 
power generation instructing means 5 . 

The combustion device 3 receives the residual fuel 
gas discharged from the fuel cell 1 and combusts the residual 
fuel gas to raise the temperature of the fuel producing 
means of the fuel processor 2 to a temperature at which 
the fuel producing means of the fuel processor 2 can 

efficiently produce a fuel gas (about 700°C) . 

The electricity-generatingmaterial adj us ting device 
6 adjusts the amount of the electricity-generatingmaterial 
to be supplied into the fuel processor 2 so that the fuel 
gas can be supplied into the fuel cell 1 in an amount reguired 
to generate the electric power determined by the electric 
power generation instructing means 5. 

The electricity-generatingmaterial adj us ting device 
6 also changes the amount of the electricity-generating 
material to be supplied into the fuel processor 2 to adjust 
the temperature of the fuel processor 2. When the 
temperature of the fuel processor 2 is raised, the amount 
of the electricity-generatingmaterial to be supplied into 
the fuel processor 2 is reduced to reduce the amount of 
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the residual fuel gas to be supplied into the combustion 
device 3 and hence the amount of combustion in the combustion 
device 3, causing the drop of the temperature of the fuel 
processor 2. When the temperature of the fuel processor 
2 is lowered , the electr icity-generatingmaterial adj us ting 
device 6 increases the amount of the electricity-generating 
material to be supplied into the fuel processor 2 to increase 
the amount of the residual fuel gas to be supplied into 
the combustion device 3 and hence the amount of combustion 
in the combustion device 3, causing the rise of the 
temperature of the fuel processor 2 . 

Fig. 2 is a flow chart illustrating the algorithm 
through which the electric power generation instructing 
means 5 according to an embodiment of implementation of 
the present invention changes the generated electric power . 

The electric power generation instructing means 5 
compares the electric power generated by the fuel cell 
electricity-generating device with the load power to be 
supplied (S001) . When the load power is greater than the 
electric power generated by the fuel cell 
electricity-generating device, the generated electric 
power is then raised at an upper limit of rate at which 
the supplied amount of the electr icity-generating mater ial 
can be raised without breaking the temperature balance of 
the fuel processor 2 (about 20 minutes are required to reach 
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from 50% of rated output to rated output) (S002) . When the 
rated output of the fuel cell electricity-generating device 
is 1 kW, the electric power is raised at a rate of 100 W 
per 4 minutes . At the same time , the electricity-generating 
material adjusting device 6 increases the supplied amount 
of the electricity-generating material at a rate that the 
amount corresponding to 100 W is increased per 4 minutes 
so as to supply the electricity-generating material in an 
amount required to generate the desired electric power. 

On the other hand, when the load power to be supplied 
is smaller than the electric power generated by the fuel 
cell electricity-generating device, the electric power 
generation instructing means 5 detects to see if the 
temperature of the fuel producingmeans of the fuel processor 
2 is rising (SO 03) . If the temperature of the fuel producing 
means of the fuel processor 2 is f allingor remains unchanged, 
the electric power generation instructing means 5 judges 
that the fuel processor 2 shows no abnormal temperature 
rise even when the amount of the residual fuel gas discharged 
from the fuel cell 1 increases and then immediately changes 
the electric current withdrawn from the fuel cell to cause 
the generated electric power to coincide with the load power 
(S004) . At the same time, the electricity-generating 
material adjusting device 6 decreases the supplied amount 
of the electricity-generating material at a rate that the 
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amount corresponding to 100 W is decreased per 4 minutes. 

While the temperature of the fuel producing means of 
the fuelprocessor2 is rising , the electric power generation 
instructing means 5 judges a fear that the amount of the 
residual fuel gas discharged from the fuel cell 1 increases 
to cause abnormal rise of the temperature of the fuel 
processor 2 and then decreases the electric power at a rate 
of 100 W per 4 minutes, which is the same as the rate at 
which the electricity-generating material adj us ting device 
6 decreases the amount of the electricity-generating 
material (S005) . As a result, the generated electric power 
gradually approaches to the load power to be supplied. 

As mentioned above, in the case where it is desired 
to lower the generated electric power in the fuel cell 
electricity-generating device , when the temperature of the 
fuel producing means of the fuel processor 2 is falling 
or remains unchanged, the electric power generation 
instructing means 5 immediately causes the generated 
electric power to coincide with the load power. When the 
temperature of the fuel producingmeans of the fuel processor 
2 is rising , the electric power generation instructing means 
5 decreases the generated electric power at the same rate 
as the rate at which the electricity-generating material 
is decreased. In this manner, when it is little likely 
-that the temperature of the fuel processor 2 can rise 
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abnormally, a high efficiency electricity generation can 
be realized. When it is likely that the temperature of 
the fuel processor 2 can rise abnormally, the rise of the 
temperature of the fuel processor 2 can be inhibited, making 
it possible to prevent unnecessary suspension of the 
operation of the fuel cell electricity-generating device 
or avoid deterioration of durability of the fuel processor 
2 and even damage of the fuel processor 2. 
(Second embodiment) 

Next, the second embodiment of implementation of the 
present invention will be described in connection with the 
drawings . 

The configuration of the fuel cell system according 
to the second embodiment of implementation of the present 
invention is shown in Fig. 3. Where the parts are the same 
as those of the fuel cell system according to the first 
embodiment, the same numbers are used and their detailed 
description are omitted. 

The fuel cell electricity-generating device 
according to the present invention has a fuel cell 1 of 
generating electricity with a fuel gas and an oxidizer, 
a fuel processor 2 of producing a fuel rich in hydrogen 
from an electricity-generating material comprising water 
incorporated in a natural gas or the like, a combustion 
device 3 of combusting a residual fuel gas discharged from. 
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the fuel cell 1, a blower 4 of supplying air into the fuel 
cell 1 as an oxidizer, an electric power generation 
instructing means 5 of adjusting the electric power 
generated by the fuel cell 1, an electricity-generating 
material adjusting device 6 of adjusting the amount of 
electricity-generating material and water to be supplied 
into the fuel processor 2, a temperature sensing means 7 
of sensing the temperature of the fuel producing means of 
the fuel processor 2 and a temperature comparing means 9 
of comparing the temperature detected by the temperature 
sensing means 7 with first, second, third and fourth 
threshold values described later, respectively, to judge 
to see if the temperature detectedby the temperature sensing 
means 7 is higher or not higher than the various threshold 
values . 

The fuel processor 2 comprises a fuel producing means 
of producing a fuel to be supplied into the fuel cell 1 
and a carbon monoxide removing means of reducing the content 
of carbon monoxide in the fuel gas to an extent such that 
the catalyst of the fuel cell 1 is not damaged. 

The temperature sensingmeans 7 senses the temperature 
of the fuel producing means of the fuel processor 2. 

The temperature comparing means 9 compares the 
temperature detected by the temperature sensing means 7 
with the first, second, third and fourth threshold values 
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to judge to see if the temperature detected by the temperature 
sensing means 7 is higher or not higher than the various 
threshold values and then outputs the results of judgment 
to the electric power generation instructing means 5. 

The combustion device 3 receives the residual fuel 
gas discharged from the fuel cell 1 and combusts the residual 
fuel gas to raise the temperature of the fuel producing 
means of the fuel processor 2 to a temperature at which 
the fuel producing means of the fuel processor 2 can 
efficiently produce a fuel gas (about 700°C) . 

The electricity-generatingmaterial adj us ting device 
6 adjusts the amount of the electricity-generatingmaterial 
to be supplied into the fuel processor 2 so that the fuel 
gas can be supplied into the fuel cell 1 in an amount required 
to generate the electric power determined by the electric 
power generation instructing means 5 . 

The electricity-generatingmaterial adj us ting device 
6 also changes the amount of the electricity-generating 
material to be supplied into the fuel processor 2 to adjust 
the temperature of the fuel processor 2. When the 
temperature of the fuel processor 2 is raised, the amount 
of the electricity-generating material to be supplied into 
the fuel processor 2 is reduced to reduce the amount of 
the residual fuel gas to be supplied into the combustion 
device 3 and hence the amount of combustion in the combustion 
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device 3, causing the drop of the temperature of the fuel 
processor 2. When the temperature of the fuel processor 
2 is lowered, the electricity-generating material adjusting 
device 6 increases the amount of the electricity-generating 
material to be supplied into the fuel processor 2 to increase 
the amount of the residual fuel gas to be supplied into 
the combustion device 3 and hence the amount of combustion 
in the combustion device 3, causing the rise of the 
temperature of the fuel processor 2. 

Fig. 4 is a flow chart illustrating the algorithm 
through which the electric power generation instructing 
means 5 according to an embodiment of implementation of 
the present invention changes the generated electric power . 

The electric power generation instructing means 5 
compares the electric power generated by the fuel cell 
electricity-generating device with the load power to be 
supplied (S101) . When the load power is greater than the 
electric power generated by the fuel cell 
electricity-generating device, the generated electric 
power is then raised at an upper limit of rate at which 
the supplied amount of the electricity-generating material 
can be raised without breaking the temperature balance of 
the fuel processor 2 (about 20 minutes are required to reach 
from 50% of rated output to rated output) (S102) . When the 
rated output of the fuel cell electricity-generating device 
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is 1 kW, the electric power is raised at a rate of 100 W 
per 4 minutes . At the same time , the electricity-generating 
material adjusting device 6 increases the supplied amount 
of the electricity-generating material at a rate that the 
amount corresponding to 100 W is increased per 4 minutes 
so as to supply the electricity-generating material in an 
amount reguired to generate the desired electric power. 
When first and second power limitation modes described later 
are executed, the power limitation mode which is executed 
at the same time during this process is released. 

On the other hand, when the load power to be supplied 
is smaller than the electric power generated by the fuel 
cell electricity-generating device in S101, the electric 
power generation instructing means 5 compares the 
temperature of the fuel producing means of the fuel processor 
2 with a first threshold temperature (about 780°C) 
calculated from the temperature (about 800°C) at which the 
catalyst of the fuel producing means is deteriorated taking 

into account safety (about 20°C) (S103) . If the temperature 
of the fuel producing means of the fuel processor 2 is higher 

than the first threshold temperature (about 780°C) , the 
electric power generation ins tructing means 5 prevents the 
decrease of the generated electric power in the first power 
limitation mode (S104) . At the same time, the 

electricity-generating material adjusting device 6 
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decreases the supplied amount of the electricity-generating 
material at a rate that the amount corresponding to 100 
W is reduced per 4 minutes . 

When the temperature of the fuel producing means of 
the fuel processor 2 is not higher than the first threshold 
temperature (about 780°C) in S103, the electric power 
generation instructing means 5 compares the temperature 
of the fuel producing means of the fuel processor 2 with 
a second threshold temperature (about 770°C) (S105) . If 
the temperature of the fuel producing means of the fuel 
processor 2 is not higher than the second threshold 
temperature (about 770°C) , the first power limitation mode 
is released (S106) . On the other hand, if the temperature 
of the fuel producing means of the fuel processor 2 is higher 
than the second threshold temperature (about 770°C) inS105, 
the first power limitation mode is not. released even if 
the first power limitation mode has been already executed. 
The second threshold temperature is determined taking into 
account the rate of change of temperature of the fuel 
producing means of the fuel processor 2 so that the 
execution/release of the first power limitation mode 
doesn't occur little by little but may be normally 
predetermined to be about 10°C lower than the first threshold 
temperature . 

Further, the electric power generation instructing 
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means 5 compares the temperature of the fuel producing means 
of the fuel processor 2 with a third threshold temperature 
(about 760°C) (S107) . If the temperature of the fuel 
producing means of the fuel processor 2 is higher than the 
third threshold temperature (about 760°C) , the electric 
power generation instructing means 5 decreases, as the 
second power limitation mode, the electric power at a rate 
that the 100 W is decreased per 4 minutes which is the same 
as the rate at which the electricity-generating material 
adjusting device 6 decreases the amount of the 
electricity-generating material (S108) . 

The third threshold temperature may be predetermined 

to be about 20°C lower than the first threshold temperature 
to make clear that the temperature of the fuel producing 
means of the fuel processor 2 is sufficiently lower than 
the first threshold temperature. 

When the temperature of the fuel producing means of 
the fuel processor 2 is not higher than the third threshold 
temperature (about 760°C) in S107, the electric power 
generation instructing means 5 compares the temperature 
of the fuel producing means of the fuel processor 2 with 

a fourth threshold temperature (about 750°C) (S109) . If 
the temperature of the fuel producing means of the fuel 
processor 2 is not higher than the fourth threshold 
temperature (about 750°C) , the second power limitation mode 
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is released and the electric power generation instructing 
means 5 immediately causes the generated electric power 
to coincide with the load power (S110) . On the other hand, 
if the temperature of the fuel producing means of the fuel 
processor 2 is higher than the fourth threshold temperature 
(about 750°C) in S109, the second power limitation mode 
is not released even if the second power limitation mode 
has been already executed. 

As mentioned above, in the case where it is desired 
to lower the generated electric power in the fuel cell 
electricity-generating device , when the temperature of the 
fuel producing means of the fuel processor 2 is higher than 
the third threshold temperature, the electric power 
generation instructing means 5 decreases the generated 
electric power at the same rate as the rate at which the 
supplied amount of the electricity-generating material is 
decreased, making it possible to prevent abnormal rise of 
the temperature of the fuel processor 2. 

Further, in the case where the temperature of the fuel 
producing means of the fuel processor 2 is higher than the 
first threshold temperature , the electric power generation 
instructing means 5 prevents the decrease of the generated 
electric power, making it possible to prevent the fuel 
processor 2 from rising in temperature to destruction and 
hence unnecessary suspension of operation of the fuel cell 
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electricity-generating device or deterioration of 
durability of the fuel processor 2 and even damage of the 
fuel processor 2. 

Moreover, in the case where the temperature of the 
fuel producing means of the fuel processor 2 is not higher 
than the second and fourth threshold temperatures, 
respectively, each of the power limitation modes are then 
released, making it possible to effect generation of 
electricity depending on the load power and hence at a high 
efficiency when the temperature of the fuel processor is 
normal . 

(Third embodiment) 

Next, a third embodiment of implementation of the 
present invention will be described in connection with the 
drawings . 

The configuration of the fuel cell system according 
to the third embodiment of implementation of the present 
invention is shown in Fig. 5. Where the parts are the same 
as those of the fuel cell system according to the first 
embodiment, the same numbers are used and their detailed 
description are omitted. 

The fuel cell electricity-generating device 
according to the present invention has a fuel cell 1 of 
generating electricity with a fuel gas and an oxidizer, 
a fuel processor 2 of producing a fuel rich in hydrogen 
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from an electricity-generating material comprising water 
incorporated in a natural gas or the like, a combustion 
device 3 of combusting a residual fuel gas discharged from 
the fuel cell 1, a blower 4 of supplying air into the fuel 
cell 1 as an oxidizer, an electric power generation 
instructing means 5 of adjusting the electric power 
generated by the fuel cell 1, an electricity-generating 
material adjusting device 6 of adjusting the amount of 
electricity-generating material and water to be supplied 
into the fuel processor 2, a temperature sensing means 7 
of sensing the temperature of the fuel producing means of 
the fuel processor 2 and a temperature comparing means 10 
of comparing the temperature detected by the temperature 
sensing means 7 with first and second threshold values 
described later, respectively, to judge to see if the 
temperature detected by the temperature sensing means 7 
is higher or not higher than the various threshold values . 

The configuration of the fuel cell 1, the fuel 
processor 2, the combustion device 3 , the blower 4, the 
electric power generation instructing means 5 and the 
electricity-generating material adjusting device 6 are the 
same as that of the second embodiment and their description 
will be omitted. 

Next, the operation of the present embodiment will 
be described focusing on the difference from the second 
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embodiment . 

The third embodiment is different from the second 
embodiment in that only the first power limitation mode 
is executed but the second power limitation mode is not 
executed . 

In other words , the temperature sensing means 7 detects 
the temperature of the fuel producing means of the fuel 
processor 2 in the same manner as in the second embodiment. 

The temperature comparing means 10 compares the 
temperature detected by the temperature sensing means 7 
with first and second threshold temperatures described 
later to judge to see if the temperature detected by the 
temperature sensing means 7 is higher than or not higher 
than the various threshold temperatures and then outputs 
the results of judgment to the electric power generation 
instructing means 5. 

Fig. 6 is a flow chart illustrating the algorithm 
through which the electric power generation instructing 
means 5 according to an embodiment of implementation of 
the present invention changes the generated electric power . 

The electric power generation instructing means 5 
compares the electric power generated by the fuel cell 
electricity-generating device with the load power to be 
supplied (S201) . When the load power is greater than the 
electric power generated by the fuel cell 
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electricity-generating device, the generated electric 
power is then raised at an upper limit of rate at which 
the supplied amount of the electricity-generating material 
can be raised without breaking the temperature balance of 
the fuel processor 2 (about 20 minutes are required to reach 
from 50% of rated output to rated output) (S202) . When the 
rated output of the fuel cell electricity-generating device 
is 1 kW, the electric power is raised at a rate of 100 W 
per 4 minutes . At the same time , the electricity-generating 
material adjusting device 6 increases the supplied amount 
of the electricity-generating material at a rate that the 
amount corresponding to 100 W is increased per 4 minutes 
so as to supply the electricity-generating material in an 
amount required to generate the desired electric power. 
When a first power limitation mode described later is 
executed, the power limitation mode which is executed is 
released at the same time during this process. 

On the other hand, when the load power to be supplied 
is smaller than the electric power generated by the fuel 
cell electricity-generating device in S201, the electric 
power generation instructing means 5 compares the 
temperature of the fuel producingmeans of the fuel processor 
2 with a first threshold temperature (about 780°C) 
calculated from the temperature (about 800°C) at which the 
catalyst of the fuel producingmeans is deteriorated taking 
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into account safety (about 20°C) (S203) . If the temperature 
of the fuel producing means of the fuel processor 2 is higher 
than the first threshold temperature (about 780°C) , the 
electric power generation ins tructing means 5 prevents the 
decrease of the generated electric power in the first power 
limitation mode (S204) . At the same time, the 
electricity-generating material adjusting device 6 
decreases the supplied amount of the electricity-generating 
material at a rate that the amount corresponding to 100 
W is decreased per 4 minutes. 

When the temperature of the fuel producing means of . 
the fuel processor 2 is not higher than the first threshold 
temperature (about 780°C) in S203, the electric power 
generation instructing means 5 compares the temperature 
of the fuel producing means of the fuel processor 2 with 
the second threshold temperature (about 770°C) (S205) . If 
the temperature of the fuel producing means of the fuel 
processor 2 is not higher than the second threshold 
temperature (about 770°C) , the first power limitation mode 
is released (S206) . The electric power generation 
instructing means 5 immediately causes the generated 
electric power to coincide with the load power (S210) . 

On the other hand, if the temperature of the fuel 
producing means of the fuel processor 2 is higher than the 
second threshold temperature (about 770°C) in S105, the 
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first power limitation mode is not released even if the 
first power limitation mode has been already executed (S204) 
The second threshold temperature is determined taking into 
account the rate of change of temperature of the fuel 
producing means of the fuel processor 2 so that the 
execution/release of the first power limitation mode 
doesn't occur little by little but may be normally 
predetermined to be about 10°C lower than the first threshold 
temperature . 

As mentioned above, when the temperature of the fuel 
producing means of the fuel processor 2 is higher than the 
first threshold temperature , the electric power generation 
instructing means 5 prevents the decrease of the generated 
electric power, making it possible to prevent the fuel 
processor 2 from rising in temperature to destruction and 
hence unnecessary suspension of operation of the fuel cell 
electricity-generating device or deterioration of 
durability of the fuel processor 2 and even damage of the 
fuel processor 2 . 

Further, when the temperature of the fuel producing 
means of the fuel processor 2 is not higher than the second 
threshold temperature, the first power limitation mode is 
released, making it possible to effect generation of 
electricity depending on the load power and hence at a high 
efficiency when the temperature of the fuel processor is 



normal . 

Thus, even in the case where only the first power 
limitation mode is executed but the second power limitation 
mode is not executed, the same effect as exerted in the 
second embodiment can be exerted . 

(Fourth embodiment) 

Next, a fourth embodiment of implementation of the 
present invention will be described in connection with the 
drawings . 

The configuration of the fuel cell system according 
to the fourth embodiment of implementation of the present 
invention is shown in Fig. 7. Where the parts are the same 
as those of the fuel cell system according to the first 
embodiment, the same numbers are used and their detailed 
description are omitted. 

The fuel cell electricity-generating device 
according to the present invention has a fuel cell 1 of 
generating electricity with a fuel gas and an oxidizer, 
a fuel processor 2 of producing a fuel rich in hydrogen 
from an electricity-generating material comprising water 
incorporated in a natural gas or the like, a combustion 
device 3 of combusting a residual fuel gas discharged from 
the fuel cell 1 , a blower 4 of supplying air into the fuel 
cell 1 as an oxidizer, an electric power generation 
instructing means 5 of adjusting the electric power 
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generated by the fuel cell 1, an electricity-generating 
material adjusting device 6 of adjusting the amount of 
electricity-generating material and water to be supplied 
into the fuel processor 2, a temperature sensing means 7 
of sensing the temperature of the fuel producing means of 
the fuel processor 2 and a temperature comparing means 11 
of comparing the temperature detected by the temperature 
sensing means 7 with third and fourth threshold values 
described later, respectively, to judge to see if the 
temperature detected by the temperature sensing means 7 
is higher or not higher than the various threshold values. 

The configuration of the fuel cell 1, the fuel 
processor 2, the combustion device 3, the blower 4, the 
electric power generation instructing means 5 and the 
electricity-generating material adjusting device 6 are the 
same as that of the second embodiment and their description 
will be omitted. 

Next, the operation of the present embodiment will 
be described focusing on the difference from the second 
embodiment . 

The fourth embodiment is different from the second 
embodiment in that only the second power limitation mode 
is executed but the first power limitation mode is not 
executed . 

In other words , the temperature sensingmeans 7 detects 
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the temperature of the fuel producing means of the fuel 
processor 2 . 

The temperature comparing means 11 compares the 
temperature detected by the temperature sensing means 7 
with third and fourth threshold temperatures described 
later to judge to see if the temperature detected by the 
temperature sensing means 7 is higher than or not higher 
than the various threshold temperatures and then outputs 
the results of judgment to the electric power generation 
instructing means 5. 

Fig. 8 is a flow chart illustrating the algorithm 
through which the electric power generation instructing 
means 5 according to an embodiment of implementation of 
the present invention changes the generated electric power . 

The electric power generation instructing means 5 
compares the electric power generated by the fuel cell 
electricity-generating device with the load power to be 
supplied (S301) . When the load power is greater than the 
electric power generated by the fuel cell 
electricity-generating device, the generated electric 
power is then raised at an upper limit of rate at which 
the supplied amount of the electricity-generating material 
can be raised without breaking the temperature balance of 
the fuel processor 2 (about 20 minutes are reguired to reach 
from 50% of rated output to rated output) (S302) . When 
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the rated output of the fuel cell electricity-generating 
device is 1 kW, the electric power is raised at a rate of 
100 W per 4 minutes. At the same time, the 

electricity-generating material adjusting device 6 
increases the supplied amount of the electricity-generating 
material at a rate that the amount corresponding to 100 
W is increased per 4 minutes so as to supply the 
electricity-generating material in an amount required to 
generate the desired electric power. When a second power 
limitation mode described later is executed, the power 
limitation mode which is executed is released at the same 
time during this process. 

On the other hand, when the load power to be supplied 
is smaller than the electric power generated by the fuel 
cell electricity-generating device in S301, the electric 
power generation instructing means 5 compares the 
temperature of the fuel producing means of the fuel processor 
2 with the third threshold temperature (about 760°C) (S307) . 
If the temperature of the fuel producing means of the fuel 
processor 2 is higher than the third threshold temperature 
(about 760°C) , the electric power generation instructing 
means 5 decreases the generated electric power at a rate 
of 100 W per 4 minutes, which is the same as the rate at 
which the electricity-generating material adj us ting device 
6 decreases the amount of the electricity-generating 
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material, in the second power limitation mode (S308) . 

The third threshold temperature may be predetermined 
to be about 20°C lower than 780°C so that the temperature 
of the fuel producing means of the fuel processor 2 is 
sufficiently lower than the temperature (about 780°C) 
calculated from the temperature (about 800°C) at which the 
catalyst of the fuel producing means is deteriorated taking 

into account safety (about 20°C) . 

When the temperature of the fuel producing means of 
the fuel processor 2 is not higher than the third threshold 
temperature (about 760°C) in S307, the electric power 
generation instructing means 5 compares the temperature 
of the fuel producing means of the fuel processor 2 with 
the fourth threshold temperature (about 750°C) (S309) . If 
the temperature of the fuel producing means of the fuel 
processor 2 is not higher than the fourth threshold 
temperature (about 750°C) , the second power limitation mode 
is released and the electric power generation instructing 
means 5 immediately causes the generated electric power 
to coincide with the load power (S310) . On the other hand, 
if the temperature of the fuel producing means of the fuel 
processor 2 is higher than the fourth threshold temperature 
(about 750°C) in S309 , the second power limitation mode 
is not released even if the second power limitation mode 
has been already executed. 
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As mentioned above, in the case where it is desired 
to lower the generated electric power in the fuel cell 
electricity-generating device , when the temperature of the 
fuel producing means of the fuel processor 2 is higher than 
the third threshold temperature, the electric power 
generation instructing means 5 decreases the generated 
electric power at the same rate as the rate at which the 
supplied amount of the electricity-generating material is 
decreased, making it possible to prevent abnormal rise of 
the temperature of the fuel processor 2. 

Moreover, in the case where the temperature of the 
fuel producing means of the fuel processor 2 is not higher 
than the fourth threshold temperature, the second power 
limitation mode is then released, making it possible to 
effect generation of electricity depending on the loadpower 
and hence at a high efficiency when the temperature of the 
fuel processor is normal . 

Thus, the same effect as exerted in the second 
embodiment can be exerted even if the first power limitation 
mode is not executed but only the second power limitation 
mode is executed. 

While the first to fourth embodiments have been 
described with reference to the case where the rate at which 
the electric power generation instructing means 5 raises 
the electric power is 100 W per 4 minutes, this rate should 
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be changed if the configuration and heat capacity of the 
fuel processor vary, but such other cases still fall within 
the scope of the present invention. In other words, the 
rate at which the electric power generation instructing 
means 5 raises the generated electric power depends on the 
configuration of the fuel processor 2 but may be such that 
the carbon oxide removing means constituting the fuel 
processor 2 falls within the range of appropriate 
temperatures. When the rate falls within this range, the 
temperature of the carbon oxide removing means falls within 
the range of appropriate temperature, causing the content 
of carbon monoxide in the output of the carbon oxide removing 
means to fall below an appropriate amount . In other words , 
the rate at which the electric power generation instructing 
means 5 raises the generated electric power may be such 
that the content of carbon monoxide in the output of the 
carbon oxide removingmeans is not higher than an appropriate 
value. For example, so far as a device which tolerates 
the concentration of carbon monoxide to 20 ppm is used, 
the rate may be such that the content of carbon monoxide 
in the output of the carbon oxide removing means is not 
higher than 20 ppm. 

While the second to fourth embodiments have been 
described with reference to the case where the first , second, 
third and fourth threshold values are derived from a catalyst 
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mainly composed of ruthenium as the catalyst of the fuel 
processor, the present invention is not limited thereto 
if other catalysts are used in the fuel processor . Further , 
if the heat capacity of the fuel processor is great, it 
is appropriate that the temperature of the fuel processor 
is predetermined higher. On the contrary, if the heat 
capacity of the fuel processor is small, it is appropriate 
that the temperature of the fuel processor is predetermined 
lower . Even such cases fall within the scope of the present 
invention. ; 

Industrial Applicability 

As made obvious from the aforementioned description, 
the present invention can provide a stable high reliability 
fuel cell electricity-generating device. 
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